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ABSTRACT 

We report on the discovery of a large-scale wall in the direction of Abell 22. Using 
photometric and spectroscopic data from the Las Campanas Observatory and Anglo- 
Australian Telescope Rich Cluster Survey, Abell 22 is found to exhibit a highly unusual 
and striking redshift distribution. We show that Abell 22 exhibits a foreground wall- 
like structure by examining the galaxy distributions in both redshift space and on the 
colour-magnitude plane. A search for other galaxies and clusters in the nearby region 
using the 2dF Galaxy Redshift Survey database suggests that the wall-like structure 
is a significant large-scale, non-virialized filament which runs between two other Abell 
clusters either side of Abell 22. The filament stretches over at least > 40 h~^ Mpc in 
length and 10 h"^ Mpc in width at the redshift of Abell 22. 
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1 INTRODUCTION 

Hierarchical structure formation modelling (Zeldovich, 
Einasto & Shandarin 1982; Katz et al. 1996; Bond, Kof- 
mann & Pogosyan 1996; Jenkins et al. 1998; Colberg et al. 
2000) succinctly demonstrates how large scale structure such 
as galaxy clusters grow from the non-isotropic infall and 
accretion of smaller components. Material infalling toward 
galaxy clusters is found to be preferentially situated along 
galaxy filaments (Bond, Kofmann & Pogosyan 1996). These 
filaments are, in turn, observed to stretch between galaxy 
clusters at all redshifts (e.g. Ebeling, Barrett, & Donovan 
2004; Pimbblet & Drinkwater 2004; Colberg, Kmghoff & 
Connolly 2004; Pimbblet, Drinkwater & Hawkrigg 2004; Di- 
etrich et al. 2004; Gal & Lubin 2004; Durret et al. 2003; 
Scharf et al. 2000; Doroshkevich et al. 2000; Colberg et al. 
1999; Geller et al. 1997; Bond, Kofman & Pogosyan 1996; 
Shectman et al. 1996; Geller & Huchra 1989) and are also 
observed near very isolated clusters (Durret et al. 2003; Ko- 
dama et al. 2001). Since galaxy filaments can comprise over 
40 per cent of the total cluster mass at clustocentric radii 
of 4-6.5 h"^ Mpc (Colberg et al. 1999; see also Cen & Os- 
triker 1999) their direct observation remains paramount to 
our understanding of cluster growth. 

Significantly, not all galaxy filaments are the same. 
They exist in many morphologies and varied lengths (Col- 
berg, Krughoff & Connolly 2004; CKC herein; Pimbblet, 
Drinkwater & Hawkrigg 2004; PDH herein). Shorter fil- 
aments are generally found between close cluster pairs; 



longer filaments are much rarer (e.g. straight filaments of 
30 h~^ Mpc* in length are at least 5 times as rare as those 
of 10 h~^ Mpc in length; PDH). In the nomenclature of 
PDH, Type HI inter-cluster filament morphologies ('walls' 
or 'sheets' of galaxies) are exceedingly rare, comprising at 
most no more than 3 per cent of the total filament popula- 
tion (CKC; PDH). In this work, we report on the discovery 
of a large-scale (> 40 h~^ Mpc) wall-like filament in the di- 
rection of Abell 22 (X-ray centre is at a = 00 20 38, 5 — 
-25 43 19; cz = 42676 ± 98 kms"^; Pimbblet 2001) found 
in the Las Campanas Observatory and Anglo-Australian 
Telescope Rich Cluster Survey (LARGS; e.g. Pimbblet et 
al. 2001). Briefiy, LARGS is a long-term project to study a 
statistically-reliable sample of 21 of the most luminous X- 
ray clusters at intermediate redshifts (0.07 < z < 0.16) in 
the southern hemisphere. We are mapping the photometric, 
spectroscopic and dynamical properties of galaxies in rich 
cluster environments at z ^ 0.1, tracing the variation in 
these properties from the high-density cluster cores out into 
the surrounding low-density field beyond the turn-around 
radius. For the most massive clusters at z ~ 0.1, the turn- 
around radius corresponds to roughly 1 degree or a 10 h~^ 
Mpc radius (O'Hely et al. 1998; Pimbblet 2001) and there- 
fore we have obtained panoramic CCD imaging covering 2- 
degree diameter fields, as well as spectroscopic coverage of 



* We use Hq = 100 h km s ^ Mpc ^ and go = 0.5 throughout 
this work. Further, all quoted coordinates are J2000 compliant. 
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Figure 1. Velocity histogram for Abcll 22 with inset showing 
a magnification of the central region. The bins are 1000 kms~^ 
wide in the main plot and 400 kms^^ wide in the inset panel. The 
downward arrow denotes the velocity of Abell 22 as computed by 
Pimbblet (2001). There is a lot of significant structure in the 
foreground of Abell 22. 



these fields (e.g. Pimbblet et al. 2001; O'Hely 2000). The 
imaging comes from B and _R-band mosaics taken with the 
1-m Swope telescope at Las Campanas Observatory, while 
the spectroscopy comes from the subsequent follow-up with 
the 400-fibre 2dF multi-object spectrograph on the 3.9-m 
Anglo- Australian Telescope (AAT). 

The plan of this paper is as follows: In §2 we exam- 
ine the unusual velocity structure of Abell 22 and the fore- 
ground wall-like structure. We then divide our observations 
into redshift bins and examine the distribution of the con- 
stituent galaxies on the colour-magnitude plane in §3. In §4 
we present a search for other local clusters to determine if 
the wall-like structure is a part of a larger-scale object. We 
summarize our findings in §5. 
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Figure 2. Wedge plots of right ascension and declination versus 
redshift in the direction of Abcll 22. The X-ray centre of the 
cluster is located at q = 5 = 0. Note the ensemble of galaxies 
in the foreground of the cluster. Although one may expect this 
plot to exhibit a 'finger of God' effect for the cluster, arising from 
the distorting effects in redshift space, this is not seen as the 
elongation in redshift space of the cluster is small in comparison 
to the depth of redshift space covered. 



2 VELOCITY AND SPATIAL STRUCTURE 

The photometric data reduction for LARCS is presented in 
Pimbblet et al. (2001) whilst the spectroscopic reduction will 
be presented in Pimbblet et al. (in prep.). 

Observations of Abell 22 using 2dF (Pimbblet 2001) 
have yielded redshifts for 345 galaxies. From these, it is pos- 
sible to see the presence of an unusual structure from the 
redshift distribution, shown in Figure 1. Figure 2 shows the 
position of the galaxies along the line of sight with respect 
to their angular position on the sky. 

Abcll 22 has a central peak which coincides with some 
previously published estimates of the clusters redshift (e.g. 
Dalton et al. 1994). The pealc of the distribution in the veloc- 
ity histogram is unusually broad and contains multiple sub- 



peaks. The wedge plot (Figure 2) reveals that Abell 22 is a 
highly complex structure. The foreground galaxies are strik- 
ing: a non-virialized wall-like structure appears to stretch 
across the entire RA range of the observations, but is more 
limited in scope (and offset from the cluster) in Dec. It 
is little wonder, therefore, that other redshift estimates for 
Abell 22 differ from that of Dalton et al. (1994) by as much 
as ~ 3000kms"^ (e.g. Struble & Rood, 1999). 



3 THE COLOUR-MAGNITUDE RELATION 

We now split our sample up into seven equal redshift bins 
from 31875 kms~^ to 45000 kms~^ and construct colour- 
magnitude diagrams for each bin. These diagrams are dis- 
play in Figure 3. 
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Table 1. Fraction of blue galaxies, /a, within each redshift bin; 
where fs is defined here as being the fraction brighter than M* +1 
possessing a rest frame colour A(B — V) = —0.2 bluer than the 
fitted CMR of Pirnbblet et al. (2002) over all galaxies brighter 
than M* + 1. The column headed N{M < M* + 1) is the number 
of galaxies brighter than M* + 1. 



Redshift Bin 


N{M < M* - 


- 1) Blue Fraction, 


(kms-l) 




fB 


43126-45000 


19 


0.05 ± 0.05 


41251-43125 


33 


0.18 ±0.07 


39376-41250 


9 


0.22 ± 0.16 


37501-39375 


21 


0.29 ± 0.12 


35626-37500 


25 


0.52 ±0.14 


33751-35625 


32 


0.31 ±0.10 


31876-33750 
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0.35 ±0.12 
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Figure 3. Colour-magnitude diagrams for each of the seven red- 
shift bins. The vertical dashed line denotes the M* + 1 magnitude 
division used during the 2dF observations (Pimbblet 2001). The 
dotted lines are the 1<t error to the inner {rp < IMpc) region 
CMR fit from Pimbblet et al. (2002). 



Pimbblet ct al. (2002) investigated the environmental 
dependence of galaxy colours within a sample of eleven 
LARCS clusters; including Abell 22. They construct colour- 
magnitude diagrams divided into radial intervals for these 
clusters and fitted the colour-magnitude relation (CMR; e.g. 
Visvanathan & Sandagc 1977) using a biwcight method. 
Here, we use the errors on their CMR fit to Abell 22 as 
a guideline for colour magnitude diagrams constructed for 
each of the redshift bins (Figure 3) . 



The CMR distribution for the redshift bins nearer to 
the filament are qualitatively similar to those nearer to the 
cluster (Figure 3). To quantify the similarity of the distri- 
butions, we derive the blue fraction, /s, of galaxies in each 
redshift bin. Here, we define /s to be the fraction of galaxies 
brighter than M* + 1 possessing a rest frame colour that is 
A(S -V) = -0.2 bluer than the fitted CMR of Pimbblet 
et al. (2002). This differs from the classical Butcher-Oemlcr 
(1984; BO; see Pimbblet 2003 for a review) definition of /s 
(i.e. our M* + 1 magnitude cut docs not correspond to the 
Mv = —20 magnitude cut used by BO and we have not 
applied a limiting clustocentric radius), but this is a sound 
approach as we are simply interested in internal differences 
in /s between our redshift bins. Table 1 lists the blue frac- 
tions for the redshift bins together with associated Poisso- 
nian errors. The blue fraction increases from the upper two 
redshift bins (i.e. Abell 22) to the lower redshift bin (i.e. the 
wall- like structure), but only by l-2a. Given the large errors 
on these numbers and the low number of galaxies in some 
bins (see Table 1) we do not view this as a highly signifi- 
cant change. Moreover, the blue fraction of the filament is 
very comparable to that found by Pimbblet & Drinkwater 
(2004). 



4 DISCUSSION 

To determine whether the wall-like structure displayed in 
Figure 2 may be a part of a more extended object we utilize 
the NASA/IPAC Extragalactic Database (NED) to look for 
any near-by (within 3 dogroos on the sky) clusters of galax- 
ies at similar redshifts. Four clusters in addition to Abell 22 
are found and we list all five of these in Table 2. Given the 
redshifts of Abell 14 and APMCC 029, it is unlikely that 
they are associated with the filament. Meanwhile, Abell 22 
and Abell 47 certainly reside in the background of the fil- 
ament and are likely unconnected due to the huge physical 
scale between them and the filament. We note that Abell 15, 
however, resides at a redshift that is similar to the filament, 
but is Abell 15 connected to the filament? 

Since this region overlaps (Pimbblet et al. 2001) with 
the 2dF Galaxy Redshift Survey (2dFGRS; Colless et al. 
2001) we now use the final release of the 2dFGRS (see 
http://wwrw.mso.anu.odu.au/2dFGRS/) to search for any 
galaxies with measured redshifts in the range 33751-35625 
kms^^, thereby encompassing our final redshift bin. The re- 
sult of both of these searches are illustrated in Figure 4. 
We note that the 2dFGRS final data release does not ex- 
tend above S ~ —24.9 but does encompass Abell 15, much 
of Abell 22 and partial amounts of AbeU 47 (Figure 4). We 
can therefore use 2dFGRS to try to answer the question 
of whether Abell 15 is connected to the filament. Since the 
velocity dispersion for Abell 15 is cr^ ^ 500 kms"'^^ (De Pro- 
pris ot al. 2002), the filament easily resides within it's infall 
regions (Diaferio & Geller 1997) at 2 < Av/az < 4 (see 
Carlberg, Yee & EUingson 1997). An inspection of galaxy 



t De Propris et al. (2002) note that their observations for Abell 15 
are 54 per cent complete {Ng^i = 24), hence we use a velocity 
dispersion of ~ 500 kms~^ as an order of magnitude estimate 



only. The actual value calculated by them is az 



kms 
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Table 2. Position and redshifts of all clusters with measured redshifts within three degrees of Abell 22 found using NED. The column 
headed 'Redshift Reference' gives the source of the quoted redshift. 



Cluster 


RA 


Dec 


Distance from 


Redshift 


Redshift 


Name 


(J2000) 


Abell 22 (') 


(kms^^) 


Reference 


AbcU 22* 


00 20 34.8 


-25 41 51 


n/a 


42658 


Pimbblet (2001) 


AbcU 15 


GO 15 13.7 


-26 01 19 


75 


36043 


De Propris et al. (2002) 


APMCC 029 


00 15 04.0 


-24 00 04 


126 


18887 


Dalton et al. (1997) 


Abell 14 


00 15 13.9 


-23 53 19 


131 


19636 


Struble & Rood (1999) 


Abell 47 


00 30 35.9 


-24 09 26 


165 


41431 


Struble & Rood (1999) 



^ Coordinates for Abell 22 presented here axe from NED. They differ slightly to the coordinates 
of the cluster's X-ray centre as noted in section 1. 



surface density contours around Abell 15 and Abell 47 also 
shows that these clusters axe elongated in the direction of 
the filament (Figure 4; see Binggeli 1982; Plionis et al. 2003 
and references therein) meaning they are very likely to be 

connected. 

We suggest that the wall-like structure is a significant 
non-virialized overdensity in galaxies which runs from (at 
least) Abell 15, across Abell 22 and toward Abell 47. If so, 
then the filament stretches over at least > 40 h^^ Mpc at 
this redshift. The surface density (computed in the same 
way as Pimbblet et al. 2002) of the filament is typically ~10 
galaxies per square h~^ Mpc. Such a surface density is very 
similar to that found in other filaments (Ebeling, Barrett & 
Donovan 2004; PDH). As the filament cormocts two clusters, 
we cannot yet consider it to be of the same ilk as the Great 
Wall noted by Geller & Huchra (1989). It may however, 
be taken as evidence that the region around Abell 22 is a 
supercluster candidate. 

5 SUMMARY 

Wo have presented evidence for a new large-scale wall in the 
direction of Abell 22. 

• The velocity structure of Abell 22 is highly unusual: 
the cluster appears to extend in redshift space and merges 
with foreground galaxy structure. These foreground galaxies 
are highly striking: a wall-like structure appears to stretch 
across the entire RA range of the observations. It is probable 
that the presence of this wall-like structure has caused pre- 
vious estimates of Abell 22's redshift to difi^er significantly. 

• Colour-magnitude diagrams for the redshift bins arc 
qualitatively similar and the blue fraction of galaxies does 
not change significantly between the cluster and the fore- 
ground filament. 

• The wall appears to be part of a large-scale filament 
that passes in front of Abell 22 and Abell 47, and is likely 
connected to Abell 15, which is at a similar redshift to the 
filament and elongated toward it. At this redshift, the fila- 
ment stretches over at least 40 h~^ Mpc. We suggest that 
this region is a supercluster candidate. 

Further spectroscopic observations in the direction of 
Abell 47 are required to definitively determine the filaments 
extension toward this cluster and to find out if the structure 



is part of a larger supercluster. It would also be interest- 
ing to investigate if the blue fraction and morphology of 
galaxies along other filaments (e.g. PDH) remained approx- 
imately constant along their length and how similar is it 
to clusters they connect to? Indeed the morphology-density 
relation (Dressier 1980) of filaments remains a relatively un- 
studied area. 
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Figure 4. Spatial distribution of galaxies contained in the wall-like structure (filled triangles), galaxies contained in the 2dFGRS final 
data release (crosses) and all clusters with measured redshifts within 3 degrees of Abell 22 (large circles of diameter 2 degrees). Note 
that the 2dFGRS final data release does not extend across all of this area; its approximate extent is denoted by the dot-dashed line. 
The scale bar shows 10 h"'^ Mpc at the central redshift of the 33751-35625 kms"'^ bin. We suggest the wall-like structure extends from 
beyond Abell 15, across Abell 22 and toward Abell 47. 
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